1. Background
=============

Attention deficit hyperactivity disorder, ADHD ([@idp20530416]) is one of the most common childhood onset psychiatric disorders, affecting 5-12% of children worldwide ([@idp20548320]). It can cause significant impairment in all areas of functioning in patients of all ages ([@idm13179056]). It is important to note that impairment due to ADHD will continue into adulthood and will require treatment ([@idm13161568]). Preschool ADHD prevalence rates vary from a low of 2% in the primary care office to a high of 59% in a child psychiatry clinic ([@idp26575680]). The level of impairment of preschoolers with ADHD is similar to that of affected school age children ([@idp8888432]). But more specifically, poor academic readiness for school entry, poor fine motor skills, and social impairment are more common in preschoolers with ADHD relative to healthy controls ([@idp8917840]). Other problems include preschool expulsion, difficulty in maintaining babysitters or childcare and as a result, missed family work days and personal time ([@idp472128]).

Systematic research and practice guidelines about psychopharmacotherapy in very young children are limited ([@idm10736256]), Methylphenidate is the first-line psychopharmacological treatment for preschool ADHD in the Preschool Psychopharmacology Working Group (PPWG) algorithm ([@idm10736256]) but the Preschool Attention-Deficit/Hyperactivity Disorder Treatment Study (PATS) showed that effect size in preschoolers is smaller than in older children ([@idm10736256], [@idm2110992]). This group also had higher rates of emotional adverse effects including lability, crabbiness, irritability, and proneness to crying compared to older children ([@idm13161568]-[@idp13196992]). Also preschool children with ADHD may experience slightly more and different types of stimulant-induced side effects compared with older children ([@idp26575680]).

Two other classes of medication, A-agonists (such as clonidine) and atomoxetine are commonly used for treatment of ADHD ([@idm10736256]), but there is little evidence about safety and efficacy of atomoxetine in preschoolers ADHD. In a double-blind, placebo-controlled, randomized clinical trial about atomoxetine in ADHD children aged 5-6 years, authors found that despite benefits, the children in the atomoxetine group remained significantly impaired at the end of the trial ([@idm6230768]). A-agonists are more commonly used to treat ADHD in preschoolers ([@idp12657424], [@idp13366656]) and this group of drugs can be associated with adverse effects including sedation, irritability, bradycardia, and hypotension ([@idp9395344], [@idp4472576]), and also regular monitoring of blood pressure and heart rate is required ([@idm10736256]). In overdose they may induce sedation, hypotension, or death ([@idp29634512]). Thus, inability to administer and store the medication safely may be a contraindication to using A-agonists ([@idm10736256]).

On the other hand, several investigations have found high co-morbidity rates of disruptive disorders with ADHD ([@idp29378064]-[@idp3231360]). For example, oppositional defiant disorder (ODD) is co-morbid with ADHD in 60% of referred preschoolers ([@idp8888432], [@idm878528]). Studies have shown that co-morbidity of ODD with ADHD is associated with other poor outcomes such as a higher rate of injuries when compared to those with ADHD alone ([@idm11852640]). The use of atypical antipsychotics have been risen significantly for treating disruptive behavior disorders in children ([@idp3231360]) and positive effects of atypical antipsychotics for disruptive behavior has increased the use of them in the attention-deficit hyperactivity disorder population ([@idm3950032]). Aman et al. ([@idp10180448]) studied the safety and efficacy of risperidone in the presence and absence of psychostimulant medicine in children. They found that in a subgroup of Disruptive Behavior Disorders (DBD) and sub average Intelligence Quotient (IQ) patients with co-morbid ADHD risperidone-treated patients had significant reductions in both disruptive behavior and hyperactivity symptoms, compared to placebo, regardless of concomitant stimulant use, but addition of risperidone to stimulant resulted in significantly better control of hyperactivity than stimulant treatment alone, and this combination didn\'t increase adverse effects ([@idp10180448]).

In a review article about second-generation antipsychotic medications in children and adolescents, the authors found that the majority (43%) of the studies were on risperidone, and one of the disorders in children in which atypical antipsychotics are potentially useful is severe attention deficit hyperactivity disorder ([@idp14667728]), and also risperidone is safe and effective in treating DBDs in children ([@idp20802272]). For these reasons, we need alternative pharmacological treatment of ADHD in preschoolers and this study was conducted to compare risperidone versus methylphenidate in preschool children with ADHD.

2. Objectives
=============

The aim of this study was to examine the Risperidone treatment compared to Methylphenidate (MPH) in preschool children with ADHD.

3. Patients and Methods
=======================

This study was a randomized clinical trial conducted at the clinic of Child Psychiatry of Imam Hossein hospital affiliated to Shahid Beheshti Medical University in Tehran, Iran. The parents were informed about procedures and purposes of the study and their consent obtained. The study was approved by the hospital's Institutional Review Board and Iranian Randomized Clinical Trial.

3.1. Subjects
-------------

Thirty three outpatient preschoolers with ADHD participated in the study. The diagnosis of ADHD was established by two child and adolescent psychiatrists according to the DSM-IV-TR criteria ([@idp20530416]). Exclusion criteria were the presence of any physical disease, mental retardation and any psychiatric co-morbid disorders except conduct disorder and oppositional defiant disorder. Patients were randomized to receive risperidone or methylphenidate. The randomization and allocation process was done by the resident of pediatric psychiatry of Imam Hossein Hospital. All subjects were randomly assigned to receive treatment using either methylphenidate (group 1) or risperidone (group 2) for a 6-week double--blind clinical trial. All subjects were new patients with no drug history since 2 weeks ago and they did not receive other drugs or psychological intervention during the intervention phase.

3.2. Design and Procedures
--------------------------

Risperidone was started at a dose of 0.25 mg per day in one dose and gradually (every week) increased based on the therapeutic response and the patient's tolerance. The optimal dose of risperidone was 2 mg/day in two divided doses. The mean daily dosage of risperidone at the end of 6 weeks was 0.89 ± 0.48 mg/day. The dose was chosen according to the effective dose of risperidone and its side effects from previous studies of risperidone in preschoolers ([@idp28576640]-[@idp14610496]). Methylphenidate was started at a dose of 2.5 mg per day and gradually (every week) increased based on the therapeutic response and the patient's tolerance. The optimal dose of methylphenidate was 20 mg/day in two divided doses. The dose was chosen according to the prior studies ([@idp26575680], [@idm10736256]). The mean dose of methylphenidate was 12.83 ± 0.56 mg/day.

Throughout the study one child and adolescent psychiatrist adjusted the dose of medications based on the clinical response and adverse effects observed. Questionnaires were rated by the other clinician simultaneously. The person who administrated the medications, the rater, and the patients were blind to the assignments. The principal measures of the outcome were the Parent ADHD Rating Scale ([@idp9258832]) and Conners Revised Parent Rating Scale ([@idp9278288]). Patients were assessed by a child and adolescent psychiatrist at baseline (T~0~); T~1~, 2 weeks; T~2~, 4 weeks and T~3~, 6 weeks after the medication started. Side effects of the drugs were assessed using the risperidone and methylphenidate Side Effects Form.

3.3. Statistical Analysis
-------------------------

The two independent sample t-tests were used for comparison of the age, parent ADHD rating scale and Conners Revised Parent Rating Scale at baseline in two groups. Chi square test was used for comparison of genders between the two groups and dropouts groups. Mann-Whitney test was used for comparison of age in dropout groups. To compare frequency of side effects between the two protocols, two sided Fisher's exact test was applied. Two-way repeated measures analysis of variance (time × treatment interaction) was done for Parent ADHD Rating Scale scores and Conners Parent Rating Scale. The two groups as a between-subjects factor (group) and the four measurements during treatment as the within-subjects factor (time) were considered.

4. Results
==========

Thirty eight outpatients preschoolers with ADHD (27 boys and 11 girls) aged 3 to 6 (mean ± SD, 4.42 ± 0.82) participated in the study. Thirty three of 38 (86.84%) participants, 15 participants in Methylphenidate group and 18 participants in Risperidone group completed the treatment protocol. Three patients from methylphenidate group and two patients from risperidone group discontinued the treatment. Nineteen of 33 (57.57%) participants were combined subtype of ADHD, 11 (33.33%) hyperactive/impulsive and 3 (9.09%) inattentive ([Table 1](#idm4408288){ref-type="table"}). No significance differences were identified between group 1 or 2 with regard to age (t = 2.04, df = 31, P = 0.06), ADHD subtypes (df = 2, P = 0.9, χ^2^ = 0.2) and gender (df = 1, P = 0.24, χ^2^ = 1.38) ([Table 1](#idm4408288){ref-type="table"}).

###### Demographic Data ^**[a](#idp23804544){ref-type="table-fn"}**^

  Variables               Risperidone Group   Methylphenidate group
  ----------------------- ------------------- -----------------------
  **Gender**                                  
  Female                  7                   3
  Male                    11                  12
  **ADHD Subtypes**                           
  Combined                10                  9
  Hyperactive/Impulsive   6                   5
  Inattentive             2                   1
  **Age, y**              4.17 ± 0.79         4.73 ± 0.77
  **Dosage**              0.89 ± 0.48         12.83 ± 0.56

^a^ Data are presented as No. or mean ± SD.

No significant differences were observed between the two protocols on the Parent ADHD Rating Scale (t = 0.72, df = 31, P = 0.47) and Conners Parent Rating Scale (t = 0.12, df = 31, P = 0.06) scores in Time 0, before intervention ([Tables 2](#idp4547248){ref-type="table"} and [3](#idp4697712){ref-type="table"}). Repeated measures of ANOVA, one for Parent ADHD Rating Scale, two for its subscales and one for Conners Parent Rating Scale were done.

###### Mean (SD) Scores for Parent ADHD Rating Scales and Subscales ^[a](#idp28263840){ref-type="table-fn"},[b](#idp3519952){ref-type="table-fn"},[c](#idp3546992){ref-type="table-fn"}^

  Variables                            Groups of treatment   
  ------------------------------------ --------------------- --------------
  **Parent ADHD Rating Scale**                               
  T~0~                                 29.16 ± 6.59          27.60 ± 5.72
  T~1~                                 21.66 ± 7.91          21.13 ± 5.81
  T~2~                                 19.50 ± 8.94          18.53 ± 6.71
  T~3~                                 16.64 ± 9.53          15.53 ± 6.30
  **Inattentive Subscale**                                   
  T~0~                                 12.33 ± 4.20          11.46 ± 3.04
  T~1~                                 9.11 ± 4.22           9.13 ± 2.85
  T~2~                                 8.44 ± 3.58           8.13 ± 3.56
  T~3~                                 7.58 ± 4.50           6.84 ± 3.64
  **Hyperactive/Impulsive Subscale**                         
  T~0~                                 16.55 ± 4.24          16.13 ± 4.17
  T~1~                                 12.50 ± 5.03          12.00 ± 4.01
  T~2~                                 11.27 ± 6.42          10.40 ± 4.18
  T~3~                                 9.00 ± 5.97           8.69 ± 4.21

^a^ All values are based on mean ± SD.

^b^There is no significant difference between groups at T~0~, T~1~, T~2~, T~3~ in parent ADHD rating scales and subscales.

^c^ T~0~ = Baseline, T~1~ = 2 Weeks After the Treatment, T~2~ = 4 Weeks After the Treatment, T~3~ = 6 Weeks After the Treatment.

###### Mean (SD) Scores for Conners Parent Rating Scale-Revised ^[a](#idp15027520){ref-type="table-fn"},[b](#idp15033760){ref-type="table-fn"},[c](#idp15052288){ref-type="table-fn"}^

  Variables                         Groups of treatment   
  --------------------------------- --------------------- ---------------
  **Conners Parent Rating Scale**                         
  T~0~                              54.61 ± 17.37         55.26 ± 11.58
  T~1~                              40.72 ± 17.94         43.60 ± 15.71
  T~2~                              36.22 ± 17.55         37.46 ± 16.28
  T~3~                              30.76 ± 19.20         31.69 ± 18.43

^a^ All Values are Based on Mean ± SD.

^b^ There is no significant difference between groups at T~0~, T~1~, T~2~, T~3~ in Conners Parent Rating Scale.

^c^ T~0~ = baseline, T~1~ = 2 weeks after the treatment, T~2~ = 4 weeks after the treatment, T~3~ = 6 weeks after the treatment.

4.1. Parent ADHD Rating Scale
-----------------------------

For parent ADHD Rating Scale, The within subject effect (time) was significant (F = 45.25, df = 1.72, 48.37, P \< 0.001), but neither interaction (time and group of the treatment) (F = 0.14, df = 1, 28, P \> 0.05) nor between subject effect (group of the treatment) were significant (F = 0.01, df = 1.72, 48.37, P \> 0.05 ([Table 2](#idp4547248){ref-type="table"}, [Figure 1](#idp21634560){ref-type="fig"}). It means during the therapeutic intervention there is a significant response in both groups from time 0 and time 3, but there is no significant difference between the two groups.

![Changes in Parent ADHD Rating Scale](ijp-25-265-i001){#idp21634560}

The study power was less than 0.8 that demonstrates low sample size to find probably differences between groups. Sixty percent of decrease in parent ADHD rating scale score had occurred in the second week of treatment for risperidone group. This rate was 53.2% for methylphenidate group.

4.2. Inattentive Subscale
-------------------------

For Inattentive Subscale only the within subject effect was significant (F = 35.35, df = 1.83, 51.39, P \< 0.001). But neither interaction (time and group of the treatment) (F = 0.28, df = 1.28, P \> 0.05) nor between subject effect (group of the treatment) was significant (F = 0.38, df = 1.83, 51.39, P \> 0.05) ([Table 2](#idp4547248){ref-type="table"}, [Figure 2](#idp8231936){ref-type="fig"}).

![Changes in Parent ADHD Rating subscales](ijp-25-265-i002){#idp8231936}

4.3. Hyperactive/Impulsive Subscale
-----------------------------------

For Hyperactive/Impulsive Subscale only the within subject effect was meaningful (F = 36.99, df = 1.67, 46.81, P \< 0.001) ([Figure 3](#idp7826528){ref-type="fig"}). But neither interaction (time and group of the treatment) (F = 0.19, df = 1.67, 46.81, P \> 0.05) nor between subject effect (group of the treatment) was significant (F = 0.01, df = 1.28, P \> 0.05) ([Table 2](#idp4547248){ref-type="table"}, [Figure 2](#idp8231936){ref-type="fig"}).

![Changes in Conners Parent Rating scale](ijp-25-265-i003){#idp7826528}

4.4. Conners Parent Rating Scale-Revised
----------------------------------------

For Parent Conners Scale only the within subject effect was meaningful (F = 44.71, df = 1.61, 45.26, P \< 0.001) ([Figure 3](#idp7826528){ref-type="fig"}). But neither interaction (time and group of the treatment) (F = 0.05, df = 1.61, 45.26, P \> 0.05) nor between subject effect (group of the treatment) was significant (F = 0.01, df = 1, 28, P \> 0.05) ([Table 3](#idp4697712){ref-type="table"}, [Figure 3](#idp7826528){ref-type="fig"}). Fifty eight percent of decrease in Conners parent rating scale score had occurred in the second week of treatment for risperidone group. This rate was 49.4% for methylphenidate group.

4.5. Dropouts and Adverse Effects
---------------------------------

No significant difference was observed in two the groups regarding to the rate of dropout. Risperidone treatment was relatively well tolerated. Eighteen of 20 (90%) participants completed the course of treatment within six weeks. Two patients discontinued treatment due to side effects. The first one was a 4-year-old boy who discontinued drug after one week of treatment because of increased restlessness and hyperactivity and the second one was a 3.5 years old boy who discontinued drug after 10 days due to sedation, polyuria and constipation. The most common side effects were daytime drowsiness and anorexia in 20% of risperidone group. In methylphenidate group fifteen of 18 (83.33%) participants completed the treatment and 3 (16.66%) patients discontinued it after one or two weeks. One 4.5-year-old girl discontinued who drug due to severe anorexia in the second week of treatment. One 5-year-old boy discontinued it because of crying and sadness in the second week of treatment and another 5-year-old boy discontinued the drug due to increased symptoms and aggression. The most common side effects were anorexia (55.55%), nervousness (33.33%) and disturbed sleeping (27.77%) in methylphenidate group.

5. Discussion
=============

This double-blind, randomized and controlled study suggests risperidone is effective in alleviating total symptoms of ADHD and related co-morbid symptoms in preschooler and that there is no statistically significant difference between the two groups in alleviating ADHD symptoms. Our results are partially in agreement with previous studies that have shown a positive effect of risperidone in treatment of ADHD symptoms ([@idm3315616]). In Correia's study, risperidone induced more reductions in ADHD total score than methylphenidate, but there are some differences between two studies. The subjects in Correia's study were ADHD children and adolescents with moderate mental retardation, not preschool normal IQ patients, as our subjects were ([@idm3315616]). Our study is also partially in agreement with Gunther's study, in that they found clinical symptoms of ADHD and DBD significantly improved after a 4-week treatment period with risperidone, although they studied children aged 8-15 years and here is a difference of subjects' age ([@idp12914176]). Also our study is in agreement with Ercan\'s study about risperidone effects for the treatment of normally developing preschool children with diagnosis of Conduct Disorder (CD) co-morbid with ADHD. Result of this open label trial shows that risperidone significantly improved symptoms and subscales of symptoms such as inattention subscale score ([@idp28576640]). Although we used a different questionnaire, in our study there was significant improvement based on Conners scale that measures CD, ODD, ADHD as well as other symptoms. Ercan et al. measured symptoms with Turgay DSM-IV Based Disruptive Behavior Disorders Child and Adolescent Screening and Rating Scale that assesses inattention, hyperactivity-impulsivity, opposition-defiance and conduct disorder. Indeed both questionnaires assess same symptoms ([@idp28576640]).

Our finding shows risperidone treatment was relatively well tolerated and the most common side effect was daytime drowsiness similar to that in previous studies ([@idp10180448], [@idp14667728], [@idp12914176], [@idp28654928]). We did not study metabolic adverse effects and prolactine level to which previous studies were concerned about ([@idp28576640], [@idm6762128]). Also some previous researches reported higher body weight be associated with antipsychotic treatment in younger aged children ([@idp7930400]). It seems that in future studies we need to investigate long term side effects of risperidone in preschool children. In methylphenidate group fifteen of 18 (83.33%) participants accomplished the treatment and 3 (16.66%) patients discontinued the treatment after one or two weeks, that is in relative agreement with Wigal study in which eleven percent of subjects discontinued MPH because of adverse events ([@idp13196992]). Although our study shows that risperidone alleviates ADHD symptoms and is well tolerated in preschoolers, regarding metabolic and extrapyramidal side effects, these should be evaluated precisely and its use limited to patients which do not respond to stimulants or show intolerable side effects.

Limitations and suggestion: Our study assessed a relatively small sample of patients in a short-term intervention. ADHD is a generally chronic neuropsychiatric condition that may last many years, we do not know whether therapeutic effects of risperidone last for a long term or not. Also further investigations are needed to assess long-term safety when risperidone is prescribed for very young children, regarding the possibility of adverse effects on the developing brain. Also trials are needed to evaluate eventual metabolic and cardiovascular adverse effects of risperidone in very young children. We recommend further future studies to assess the therapeutic efficacy of risperidone in preschooler ADHD with different co-morbidities.
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